II. INTRODUCTION
Imaging spectrographs for the extreme-ultraviolet (XUV) domain use generally a grating and an entrance slit to separate the spectral from the spatial information. If the spectrograph is stigmatic, a complete map of a twodimensional region can be obtained by rastering the image in one dimension on the entrance slit. The situation is worse in the case in which the spectrograph in not stigmatic, as most often the case in grazing incidence. In this case the slit must be reduced to a pinhole and the rastering must be performed in two dimensions. The spectroscopic instrument on board SOHO (Solar and Heliospheric Observatory), still working, exemplify the state of the art: the grazing incidence spectrograph configuration (CDS, Coronal Diagnostic Spectrometer) is astigmatic and therefore the scanning of a region on the solar corona needs to be done in two dimensions [1, 2] .
We present here a new concept for an imaging spectrograph that operates at grazing incidence and is stigmatic in a large field-of-view [3] . The core of the spectrograph is a spherical variable-line-spaced (SVLS) grating giving a focal surface nearly perpendicular to the optical path [4, 5] . As a consequence of this, the length of the exit arm of the spectrograph is nearly constant, therefore it is possible to correct for the astigmatism with an auxiliary optics.
The aim of the optical design is to separate the focusing properties in the two spatial directions in order to have two distinct focal points: one in the spectral dispersion plane and the other in the plane parallel to the slit. This is obtained using a double telescope in the Kirkpatrick-Baez configuration [6] , and, as a result, the image of an extended source has negligible spectral and spatial broadening in a large field-of-view. Such unique configuration gives monochromatic stigmatic images in an extended field-of-view and in an extended spectral range in the grazing-incidence domain. The spectrograph could be useful for high-resolution spectral imaging of the solar disk in the XUV domain [7] . We have realized a laboratory prototype of such spectrograph working in the 4-20 nm region, with a spectral resolution of 0.1% at 10 nm and a spatial resolution of 3.5 arcsec over a field-of-view of 0.5°, within a total envelope of 1.3 m. We will present the design and the characterization of the instrument.
III. THE INSTRUMENT
The main instrumental parameters are summarized in Tab. 1. The mechanical structure of the laboratory prototype is sketched in Fig. 1 ; both the spectral dispersion plane and its perpendicular one are shown. Two pictures of the instrument are presented in Fig. 2 
A. The Telescope
The imaging capabilities are provided by a crossed telescope in the Kirkpatrick-Baez configuration: the telescope 1 consists of a cylindrical mirror with parabolic section, focusing on the slit of the spectrograph in the spectral dispersion plane; the telescope 2, schematized in Fig. 3 , consists of two cylindrical mirrors with aspherical section in Wolter II configuration [8, 9] , focusing on the focal plane in the direction perpendicular to the spectral dispersion. The telescope 2 is mounted with its tangential plane coincident with the equatorial plane of the telescope 1. 
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The spatial resolution in the direction perpendicular to the slit is given by the telescope 1. The spatial resolution in the direction parallel to the slit, for the off-axis angles also, is instead given by the Wolter II-type telescope 2. The free parameters are: the incidence angle on the parabolic and hyperbolic mirrors p2 , h2 , the separation between these two optics , and the exit arm p". The connections between these four driving parameters and the other parameters of the telescope are provided by (1) (2) (3) (4) (5) . In these equations, and are the angles formed with the optical axis respectively by the central ray between the two mirrors and by the central ray on the focal plane, p' is the virtual entrance arm of the hyperbolic mirror, fp and fh are the focal lengths respectively of the parabolic and hyperbolic mirrors. a and b are the hyperbolic parameters,  is the distance between the center of the first mirror and the optical axis, and L is the distance, measured along the optical axis, from the center of the first mirror to the focal plane. (1)
The effective focal length of the second telescope, f eff , can be calculated considering an entrance ray forming an angle with the optical axis. Due to this inclination, the focal spot is translated by a quantity on the focal plane, and f eff can be calculated as:
In the case of a small , (6) can be simplified in
that in the considered case is about 1204 mm. In Fig. 4 the spots produced by two beams tilted by ± 0.25° offaxis are compared with the on axis image. The resulting mean focal length calculated as / is 1243 mm. a) b) Fig. 4 . Spots at the focal plane of the telescope II corresponding to three different conditions: on axis and ± 0.25° off-axis beam. The spots separation between the on axis and the -0.25° beam, case a), and the on axis and the +0.25° beam, case b), are different due to the not symmetrical telescope arrangement respect to the on axis propagating beam.
B. The Spectrograph
The spectrograph is based on the use of a spherical variable-line-spaced grating. The variation of the groove density is described as This optical element has been tested both in our lab and at the BW3 synchrotron beam-line at DORIS storage ring at DESY campus in Hamburg (Germany). The efficiency curve referred to the first diffractive order is presented in Fig. 5 a) : the maximum efficiency is 18%, and is obtained at about 11 nm. In the spectral interval 6 -30 nm the efficiency is higher than 5%. The contribution of the higher orders, compared to the first one, is shown in Fig. 5. b ). An example of acquired spectra at BW3 is presented in Fig. 6 6 . Example of a spectra acquired at the BW3 beam-line using the 1200 gr/mm grating, the diffracted wavelength is 3 nm. The multiple orders are clearly visible.
IV. CONCLUSIONS
In this work the innovative concept of an imaging spectrograph working at grazing incidence and stigmatic in a large field-of-view has been presented. The alignment in visible light of a laboratory prototype has been presented. The efficiency performances of the grating, and the focalization properties, have been measured and presented. 
